Abstract We explore relationships between place characteristics and HIV viral suppression among HIV-positive men who have sex with men (MSM) in New York City (NYC). We conducted multilevel analyses to examine associations of United Hospital Fund (UHF)-level characteristics to individual-level suppression and durable suppression among MSM. Individual-level independent and dependent variables came from MSM in NYC's HIV surveillance registry who had been diagnosed in 2009-2013 (N = 7159). UHF-level covariates captured demographic composition, economic disadvantage, healthcare access, social disorder, and police stop and frisk rates. 56.89% of MSM achieved suppression; 35.49% achieved durable suppression. MSM in UHFs where 5-29% of residents were Black had a greater likelihood of suppression (reference: C30% Black; adjusted relative risk (ARR) = 1.07, p = 0.04). MSM in UHFs with \30 MSMheaded households/10,000 households had a lower likelihood of achieving durable suppression (reference: C60 MSM-headed households/10,000; ARR = 0.82; p = 0.05).
Introduction
The US National HIV/AIDS Strategy 2020 prioritizes achieving viral suppression for all people living with HIV [1] . Viral suppression occurs when the number of HIV virions in the blood falls below a specified threshold [2] . Achieving viral suppression improves the health of people living with HIV and reduces HIV transmission [3] . Achieving suppression is vital among men who have sex with men (MSM), who represented 58% of people living with diagnosed HIV infection and 67% of new transmissions in the US in 2013, though only 42% were virally suppressed in 2010 [4] [5] [6] . Non-Hispanic Black (''Black'') and Latino MSM have especially high burdens of HIV: in 2010, 30% of MSM living with HIV were Black and 20% were Hispanic [6] . Although Black and Latino MSM do not report greater risk behavior than White MSM [7] , CDC models predict that 50% of Black MSM and 25% of Latino MSM will seroconvert in their lifetimes [8] . HIV-positive Black and Latino MSM are also less likely to achieve suppression than their non-Hispanic White (''White'') counterparts: the percentages of HIV-diagnosed MSM achieving suppression in 2010 were 37, 42, and 44% for Black, Latino, and White MSM, respectively [6] .
With rare exception, studies exploring determinants of viral suppression have focused on individual-level exposures, such as medication adherence [9] , substance use [10] , or age [11] . Recently, however, an emerging line of research has begun to investigate whether features of the environments where HIV-positive people live might shape suppression [12] [13] [14] [15] . The emergence of this line of inquiry is consistent with the broader shift in public health toward considering multilevel etiologies that conceptualize health and disease as shaped by characteristics of networks, neighborhoods, and other spheres of the social world, as well as by characteristics of individuals. Such multilevel perspective embraces a key tenet of Urie Bronfenbrenner's Social ecological model, that humans are affected both by internal traits and social contexts [16] . Five layers of social context that affect individuals include: immediate interactions between an individual and their social environment (the microsystem), interactions between elements within an individual's immediate social environment (the mesosystem), social institutions which surround and can have power over an individual's immediate social environment (the exosystem), and overall cultural values and norms which engender social institutions and interactions (the macrosystem) [16] . Multilevel research on place-based health exposures investigates how elements in the exosystem influence health, after accounting for salient individual-level characteristics.
Exemplifying new multilevel research, Beattie et al. [15] found that HIV-positive patients at a large urban health center in New York City (NYC) were less likely to be suppressed if they lived in a high-poverty neighborhood, though an analysis of HIV surveillance data from NYC found no relationship between neighborhood socioeconomic conditions and time to suppression [14] . To our knowledge, no research has explored whether characteristics of the places where people live are associated with viral suppression among MSM.
Extending research on place characteristics and viral suppression among HIV-diagnosed MSM could help develop community-level interventions or policies that target place characteristics or mediators of place/suppression relationships for HIV-diagnosed MSM. The present multilevel study explores relationships between select place characteristics and viral suppression among HIV-diagnosed MSM in NYC. Scholarship on place-based-exposures as social determinants of health is a (re)emerging inquiry in public health research [17] . As such, many relationships between place-based exposures and health outcomes are untested. Place-based exposures for this analysis were selected based on past research about the influence of place characteristics on AIDS-related survival and on access to highly active anti-retroviral therapy (HAART) or other forms of healthcare. This past research suggested that we include the following domains of placebased exposures: sociodemographic composition [18] , rates of economic disadvantage [19] , healthcare access [20] , and social disorder [21] . Sociodemographic composition and rates of economic disadvantage could plausibly affect survival by affecting access to nutritious food, safe and healthy housing, social support, and freedom from violence [18] . Healthcare access could affect survival by shaping medication use and adherence [22] . Social disorder could affect survival by affecting psychosocial stressors and substance use [23, 24] . We also explored police use of Terry stops (''stop and frisk'') [25] as an exposure, conceptualizing it as a form of community violence that might adversely affect healthcare seeking and immune response [26, 27] . Critical race theory and social geography scholarship both suggest that people's experience of, access to, and meanings of neighborhoods and neighborhood characteristics is racialized [28] [29] [30] . Given this, and given large racial/ethnic disparities in suppression [6, 8] , we explore whether individual race/ethnicity moderates relationships between place-based exposures and suppression.
Methods

Overview and Units of Analysis
This cross-sectional multilevel study had two units of analysis: individuals diagnosed with HIV and NYC's United Hospital Fund (UHF) districts. UHFs are aggregations of adjacent ZIP codes that are relatively homogenous [31] . The NYC Department of Health and Mental Hygiene (NYC DOHMH) uses UHFs for planning purposes. In 2010, there were 42 UHF districts in NYC, and the median UHF adult population size was 128,117 (25th percentile = 83,451; 75th percentile = 162,871) [32] . 
Measures
Individual-Level Outcomes
This analysis had two HIV-related outcomes, both assessed at the individual level using NYC DOHMH HIV surveillance data: viral suppression and durable viral suppression within 12 months of initial HIV diagnosis. In accordance with the standardized cut-off used by the Centers for Disease Control [33] , NYC DOHMH pre-classified individuals in the surveillance registry as ''virally suppressed'' if they had B200 copies of HIV per ml of blood at any point within the 12 months after their diagnosis. Individuals were classified as ''durably virally suppressed'' if, within 12 months after their diagnosis, they (A) had at least two suppressed viral load tests that were at least 90 days apart with no intervening unsuppressed viral load tests, and (B) had no unsuppressed viral load tests after they had achieved durable viral suppression (Fig. 1) .
UHF-Level Predictors
We analyzed administrative data to create measures of five domains of UHF-level predictors: demographic composition, economic disadvantage, healthcare access, social disorder, and police stop and frisk.
Demographic Composition The number of households headed by male couples per 10,000 households (''MSMheaded households'') was calculated by dividing the number of male-couple headed households by the total number of households within a UHF, and multiplying by 10,000; data were derived from the 2010 Census [32] . This variable was skewed and was divided into three categories representing a multimodal distribution: low (\30 of 10,000 households MSM-headed), medium (30 to \60), and higher (C60). The percent of residents who self-identified as non-Hispanic Black/African-American was calculated using 2007-2011 American Community Survey (ACS) data [34] . This variable was skewed, and three categories representing a multimodal distribution were created: low (\5% of residents were Black), medium (5 to 29%), and high (C30%). The percent of residents who were 21-54 years old was calculated using 2007-2011 ACS data [34] .
Economic Disadvantage
We used principal components analysis (PCA) to create a measure of UHF-level economic disadvantage. Constituent variables were UHF-level median income; the percent of people aged C16 years in the workforce who were unemployed; the percent of individuals at or below federal poverty level; the percent of households that had received public assistance in the last 12 months; and the percent of adults C25 years old who did not have a high school degree/GED. Each of these variables was constructed using 2007-2011 ACS data [34] . The first extracted component accounted for 88% of the variance in the variable set and was retained to represent economic disadvantage (See Appendix Table 4 ).
Healthcare Access We used PCA to create a measure of poor access to healthcare, using pooled 2009-2010 NYC DOHMH Community Health Survey data, weighted to adjust for selection in both years. Constituent variables were the percent of UHF residents without health insurance and the percent of UHF residents who reported an unmet need for care in the last 12 months [35] . The first extracted component accounted for 87% of the variance in the variable set and was retained to represent poor access to healthcare (See Appendix Table 4 ).
Social Disorder
We considered off-premises alcohol outlet density (from the 2009 U.S Census Bureau's ZIP Code Business Patterns database) [36] , homicide rate (from NYC DOHMH 2009 Bureau of Vital Records) [37] , and residential vacancies and business vacancies (from the 2009 United States Postal Service/Department of Housing and Urban Development database) [38] as variables capturing social disorder. After examining correlations among these variables we entered homicide rate and residential vacancy into a PCA. On the basis of PCA we retained only residential vacancy to measure social disorder because it accounted for most of the component loading (eigenvector of 0.9998). Residential vacancy captured the number of residential homes or apartments per square mile that had once been occupied but were now vacant.
Police Stop and Frisk
We used 2009 NYC Police Department Stop, Question, and Frisk (SQF) data to measure the rate of stops without an arrest per 100,000 adult residents [39] . This rate was skewed and three categories reflecting a multimodal distribution were created: low (\6000 stops without arrest per 100,000 residents), medium (6000 to \22,000), and high (C22,000).
Individual-Level Covariates
Data on individual-level covariates came from NYC DOHMH HIV surveillance. Race/ethnicity, lifetime history AIDS Behav (2017) 21:2987-2999 2989 of homelessness at diagnosis, year of HIV diagnosis, nativity (born within vs. outside U.S.), and age at HIV diagnosis were abstracted from patient medical records.
Analysis
Because individuals from the surveillance registry were nested in UHFs, multilevel logistic models were used to analyze the associations of UHF-level predictors to individual-level suppression and durable suppression. Suppression and durable suppression were both binary outcomes: individuals were classified as suppressed or durably suppressed if they matched the study's definition of suppression or durable suppression (see 'Individual-Level Outcomes' above). Level 2 consisted of the 42 UHF districts and Level 1 consisted of individuals in the surveillance registry living in those districts. Because suppression and durable suppression were defined as individual-level attributes observed in the year following each person's diagnosis, level 1 data were all time invariant.
Variables were transformed to be continuous if possible. All normally distributed continuous variables were meancentered for analysis. Parameters were estimated in SAS 9.3 software's [40] PROC GLIMMIX using maximum 2) Although there is no unsuppressed test within the 12 month period, there are fewer than 90 days between the suppressed viral load tests. Sample scenario of durable viral suppression. There are fewer than 90 days between the first and second suppressed viral load test, but there are more than 90 days between either of these tests and the last suppressed viral load test. There is no unsuppressed test within the 12 month period likelihood with Laplace approximation, random intercepts, a binomial distribution, a log link, and an unstructured error covariance matrix.
Model building preceded in stages. In stage one we built bivariate multilevel models to examine relationships of each predictor to viral suppression. In stage two, we extended the model to examine whether individual race/ ethnicity (comparing Latino and White to Black MSM) might moderate relationships of UHF-level predictors to viral suppression. In stage three, we built a multivariable viral suppression model consisting of UHF-level variables that were significant at p B 0.15, either as main effects or in interactions with individual level race/ethnicity; models also included the following theoretically relevant individual-level variables: individual race/ethnicity, nativity, history of homelessness, age at HIV diagnosis, and year of HIV diagnosis. In interactions of UHF-level covariates with individual race/ethnicity, we interpret the main effect for the UHF-level covariate as the association for Black MSM, the reference group for the race/ethnicity variable. We repeated this three stage process for the durable viral suppression outcome. Because multiple interactions existed between UHF-level variables and race/ethnicityfor durable viral suppression, we ran separate models for each UHFrace/ethnicity interaction to address power concerns (i.e. Table 3 , Models A and B).
As an analysis of surveillance data, this can be considered an analysis of a population (rather than a sample) that has no sampling error. In such cases, researchers studying similar populations have used p-values as heuristic devices to avoid over-interpreting model parameters [41] [42] [43] . We follow this tradition here. We also follow the suggestion of epidemiologists to report relative risks, rather than odds ratios, as a more accurate and intuitive estimate of likelihood [44, 45] .
Results
There were 7159 Black, Latino, or White MSM in the HIV surveillance registry who lived in one of the 42 UHF districts and were diagnosed with HIV between 2009 and 2013 (Table 1) . Fifty-seven percent achieved HIV viral suppression within 12 months of diagnosis, but only 35.49% were durably suppressed during that period. Thirty-seven percent of the MSM were Latino, 36.32% were Black, and 26.36% were White. Few people reported a history of homelessness (2.23%), and the modal age at diagnosis was 20-29 (44.46%).
In the 42 UHFs where these MSM lived, the median number of MSM-headed households per 10,000 was 39.50 (25th percentile = 26.81; 75 th percentile = 71.38). The median percent of residents who were Black was 11.37%, and varied substantially across UHFs (25 th percentile = 3.07%; 75th percentile = 29.25%). See Table 1 for distributions of other UHF-level variables.
Suppression
Regardless of individual race/ethnicity, there appeared to be a U-shaped association between the percent of the UHF population who were Black and suppression (Table 2 ). In the bivariate model, MSM living in UHF districts where 5-29% of residents were Black were more likely to be suppressed than MSM living in districts where C30% residents were Black [relative risk (RR) = 1.14, p \ 0.0001]. This association also existed in the multivariable model which controlled for individual-level covariates (i.e. nativity, homeless history, age at diagnosis, year of diagnosis, and race/ethnicity): MSM living in UHF districts where 5-29% of residents were Black were 7% more likely to be suppressed than MSM living in districts where C30% of residents were Black [adjusted relative risk (ARR) = 1.07, p = 0.04]. The positive bivariate association between living in a district with a low percentage (\5%) of Black residents and suppression (RR = 1.11, p = 0.01) was not found in the multivariable model (ARR = 1.00, p = 1.00).
The association of the rate of police stops without an arrest to suppression varied by individual race/ethnicity (Fig. 2) . In both bivariate and multivariable models, there was no significant association between rates of stop without arrest and suppression for Black or Latino MSM. However, for White MSM living in UHFs with a medium rather than a high amount of stops (i.e., between 6000 and 22,000 stops without arrest versus [22,000 stops without an arrest per 100,000 residents) was associated with lower viral suppression (RR = 0.84, p = 0.06; ARR = 0.84, p = 0.05).
The UHF-level concentration of households headed by MSM couples, residential vacancy, and percent of residents aged 21-54 years were significantly associated with suppression in bivariate models but not in multivariable models.
Durable Suppression
Living in UHFs with a lower concentration of MSMheaded households was generally associated with a smaller likelihood of durable suppression than living in UHFs with a higher concentration of MSM (Model A, Table 3 ), though the magnitude of this relationship varied by individual race/ethnicity. Bivariate and multivariable models suggest that Black MSM living in a UHF with a low concentration of MSM-coupled households (\30/10,000) were 18% less likely to achieve durable suppression than Untransformed variables reported those living in a UHF with a higher concentration of MSMcoupled households (C60/10,000; RR = 0.80, p = 0.01; ARR = 0.82. p = 0.05). Among Black MSM, the chances of achieving durable suppression were also less if they lived in a UHF with a medium concentration of MSMcoupled households (30 to\ 60 MSM-coupled households/ 10,000 households) compared to a higher concentration (RR = 0.90, p = 0.14; ARR = 0.89, p = 0.10). Relationships between the concentration of MSM-coupled households and durable suppression were the same for Latino MSM as for Black MSM (i.e., the Latino interaction p value was not significant). As with Black and Latino MSM, models indicate that White MSM had a lower likelihood of durable suppression if they lived in a UHF with a low concentration of MSM-coupled households (i.e. the White interaction p-value comparing low to high was not significant). However, for White MSM, as compared to Black MSM, living in a UHF district with a medium concentration of MSM-coupled households, compared to a UHF with a high concentration, was also associated with a larger chance of achieving durable suppression (RR = 1.22, p = 0.03; ARR = 1.26, p = 0.01). The moderation effect of race/ethnicity on the association between UHF age composition and durable suppression found in bivariate models was not present in the multivariable model; there was no effect for Blacks (Model B, Table 3 ). Several other UHF-level variables were significant in bivariate models but not in multivariable models (i.e. percent of residents who were Black; economic disadvantage; residential vacancy; stops without arrest per resident).
Discussion
The present analyses extend the fledgling line of multilevel research on place characteristics and viral suppression. In this analysis of NYC surveillance data, we found that MSM were more likely to achieve suppression if they lived in a UHF where between 5 and 29% of residents were Black, compared to UHFs with a higher percentage of Black residents. They were more likely to achieve durable suppression if they lived in a UHF with a higher concentration of MSM-headed households.
Research suggests that higher concentrations of MSM may be protective against adverse HIV-related outcomes. Frye et al. found that MSM living in NYC neighborhoods with higher percentages of MSM-headed households were more likely to consistently use condoms [46] ; Mills et al. found that they were more likely to get tested for HIV [47] . Druyts et al. report that HIV-positive individuals living in areas with a high concentration of people who inject drugs had a 3 time higher mortality risk than those living in areas with a high concentration of MSM, regardless of these individuals' transmission mode [48] . The mechanisms driving these associations are unclear, but several pathways are possible. Neighborhoods with a higher concentration of MSM residents may provide ''safe spaces'' within MSM's mesosystems where MSM can more freely express their sexuality and full personhood. Such neighborhoods have historically been loci of AIDS activism and communitydriven HIV-related services [49] . These neighborhoods have also benefited from exosystem resources as they have been prioritized by the NYC DOHMH and other organizations for HIV-related services. Given the long history of HIV-and of collectively acting to survive HIV-among MSM in NYC, these neighborhoods may have protective macrosystem norms facilitating routine HIV testing, linkage to care for people who are HIV-diagnosed, and longterm HAART engagement. Residents of these safer, less [50] . These UHFs have exosystem resources in that they often have communitydriven HIV-related services [51] , and have been prioritized by the NYC DOHMH and other organizations for these services. These norms, practices, and services may facilitate early HIV detection, linkage to care, and HAART initiation. Future research should explore these possible pathways. It is also necessary to investigate why residence in a UHF with a high percentage of Black residents (i.e. C30%) was not positively associated with suppression. We hypothesize that these same norms, practices, and services exist in these UHFs, but that their beneficial effects are undermined by high levels of exosystem structural discrimination [52] and the intense macrosystem social scrutiny experienced by Black men [53] . Future research could explore this, and also whether or not there are tipping points in the relationship between the percent of residents who are Black and durable suppression.
The percent of residents who are Black in a UHF was not associated with durable suppression. We hypothesize that (A) MSM are better able to consistently adhere to HAART over time when they live in a context that is home to resourced MSM networks and to services specifically designed for MSM [54] ; and (B) that high levels of exosystem structural discrimination [52] undermines resources and services that are protective for MSM in UHFs with a high percent of residents who are Black.
While there was no association of stops without arrest to suppression for Black and Latino MSM, White MSM living in a UHF with a high rather than a medium amount of such stops were more likely to be suppressed. Analyses of Stop and Frisk data indicate that Blacks and Latinos are disproportionately stopped across all NYC neighborhoods [55] . This disproportionate targeting is part of the exosystem and may raise Black and Latino MSM's risk of not achieving suppression across all UHFs. Another interpretation may be that White MSM actively benefit from feelings of safety generated by seeing police in their neighborhoods. This last interpretation is consistent with minority threat theories of policing, which state that police structurally and interpersonally function to uphold the interests of Whites in society [56] . Future research should be undertaken to identify changes in these results following the end to the practice of Stop and Frisk in 2014. Several of the UHF-level characteristics that were statistically significant in bivariate models had lower effect estimates and were not statistically significant in multivariable models. Post-hoc analyses suggest that these associations lost magnitude and significance when individual-level covariates were added to the model. Individual level variables associated with suppression and durable suppression were in expected directions. For example, year of diagnosis associated with both suppression and durable suppression such that individuals diagnosed more recently were more likely to achieve suppression and durable suppression. This is not surprising, given NYC DOHMH efforts to engage and retain newly diagnosed people in care. Consistent with prior research [57] [58] [59] [60] , individuals in this study who had a history of homelessness were less likely to achieve suppression than those without this history. Also consistent with prior research [6] , individuals who were Latino or White were more likely to achieve suppression than individuals who were Black. Arnold et al., studying the effects of neighborhood on HIV mortality and HAART initiation, found that being Black was not associated with HIV mortality after accounting for neighborhood residence [19] . However, being Black was independently associated with no or delayed HAART uptake. Such findings and the shifts in magnitude and significance of place-based characteristics to the outcomes seen here testify to the importance of using multilevel models to explore relationships of place to health instead of ecologic models. Future studies should explore the extent to which individual-level variables might moderate relationships between place-based characteristics and suppression or durable suppression.
Limitations
This analysis has several limitations. We were restricted to individual-level variables available in the NYC DOHMH surveillance registry. We were therefore unable to control for some potentially important covariates, such as individual income and education. We were also unable to create a specific measure of geographic access to HIV care. Analyses were not longitudinal. We could not examine whether or how selection into UHFs shaped UHF/suppression relationships or make causal claims. We operationalized ''place'' in terms of residential UHF at diagnosis. This may have misclassified place-based exposures. UHFs are large and often contain several subjectively defined neighborhoods; moreover if individuals moved to a new UHF post-diagnosis these new neighborhoods might affect outcomes. Additionally, MSM are likely to be exposed to other places routinely when they travel outside their UHF [61] , which may have shaped suppression outcomes in ways that we could not measure. Finally, persons who did not report an address within a NYC UHF at diagnosis were excluded from analyses.
Conclusion
Despite these limitations, this analysis expands our current understanding of how place characteristics are associated with HIV viral suppression and durable viral suppression among NYC MSM. We found that living in neighborhoods with a ''medium'' percent of residents who were Black was associated with suppression among MSM, and that durable suppression among MSM was associated with living in a neighborhood with a greater concentration of MSM-coupled households. Future multilevel research should explore these associations in longitudinal panels or cohorts, and investigate causal pathways through which place characteristics affect viral suppression, in order to inform interventions. Such causal pathways may include retention in HIV care, or behaviors such as adherence to HAART treatment regimes. Understanding these causal pathways may provide insights into increasing viral suppression within communities. If longitudinal studies support our findings, interventions to build community capacity might seek to enhance protective norms and resources in Black communities, and in communities home to many MSMheaded households. 
